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TEMPERATURE MEASUREMENT INSIDE A JIMSPHERE BALLOON 

SUMMARY 

An experiment w a s  conducted t o  determine t h e  d i f f e r e n c e  i n  the  
temperature i n s i d e  a Jimsphere ba l loon  and the  ambient temperature dur- 
ing ac tua l  f r e e - f l i g h t  of t h e  Jimsphere. The temperature i n s i d e  the  
Jimsphere w a s  measured t o  determine the  lapse r a t e  of the  helium t e m -  
pe ra tu re  during normal f l i g h t  condi t ions  and t o  i n f e r  t h e  e f f e c t s  t h a t  
t h e  ba l loon  temperature may have on t h e  ambient tempera ture .  

For t h i s  experiment, a s tandard AMT-4 radiosonde w a s  used t o  meas- 
u r e  t h e  ambient temperature and t h e  humidity c i r c u i t  modified t o  accept  
a thermis tor  t o  measure the  ba l loon  temperature. 

Six f l i g h t s  were made, t h r e e  of which were made i n  day l igh t  and 
t h r e e  under n ight t ime condi t ions .  It w a s  found t h a t  ba l loon  temperature 
l apse  ra te  was no t  so g r e a t  as the  ambient temperature l apse  r a t e .  A t  
t i m e s ,  t he  ba l loon  temperature w a s  as much as 25°C higher  than t h e  
ambient temperature during day l igh t  f l i g h t s .  During n ight t ime,  t h e  
depa r tu re  w a s  no t  nea r ly  so  g r e a t ,  w i th  t h e  ba l loon  temperature being 
genera l  1 y 1 ower than the  ambient temp e ra  t u r  e. 

I. INTRODUCTION 

An experiment w a s  conducted t o  determine t h e  d i f f e r e n c e  i n  t h e  
temperature i n s i d e  a Jimsphere ba l loon  and the  ambient temperature 
during n a t u r a l  f r e e - f l i g h t  of t he  Jimsphere. It w a s  des i red  t o  meas- 
u r e  the  temperature i n s i d e  the  Jimsphere t o  determine the l apse  ra te  
of t h e  helium temperature during normal f l i g h t  cond i t ions ,  and t o  
i n f e r  t he  e f f e c t s  t h a t  t h e  temperature i n s i d e  t h e  bal loon may have on 
t h e  r i s e  r a t e s .  For t h i s  p a r t i c u l a r  experiment, a s tandard AMT-4 rad io-  
sonde was  used t o  measure t h e  ambient temperature and the  humidity 
c i r c u i t  modified t o  accept a thermis tor  t o  measure the  temperature 
i n s i d e  t h e  bal loon.  



11. DESCRIPTION OF EQUIPMENT 

A radiosonde AN/AMT-4 and a n  AN/GMD-2A r a d i o  d i r e c t i o n  f i n d e r  were 
used i n  t h i s  t e s t  t o  measure t h e  d e s i r e d  parameters.  The radiosonde 
c o n s i s t s  of a t r a n s m i t t e r ,  modulator,  b a t t e r y ,  and elements f o r  sens ing  
pressure ,  temperature and humidity. The radiosonde is carried t o  a l t i -  
tudes i n  excess of 30 km by a he l ium- f i l l ed  bal loon.  

The b a t t e r y  is t h e  power sou rce  f o r  t h e  modulator and t r a n s m i t t e r .  
The t r a n s m i t t e r  opera tes  i n  the  1660 t o  1700 MHz band. I ts  c a r r i e r  i s  
pulsed a t  an  audio-frequency r a t e  by t h e  pressure ,  temperature,  and 
humidity sens ing  elements. 

The temperature element cons is  ts of a thermis tor  whose r e s  is tance  
v a r i e s  i nve r se ly  wi th  temperature ,  and t h e  humidity element c o n s i s t s  of 
a carbon-coated h y g r i s t o r  whose r e s i s t a n c e  v a r i e s  d i r e c t l y  wi th  
humidity. The atmospheric p re s su re  is obtained by a baroswitch which 
conta ins  an aneroid c e l l .  

The v a r i a t i o n  of atmospheric p re s su re  a c t i n g  on t h e  aneroid capsu le  
as  i t  is c a r r i e d  a l o f t  will opera t e  a sensor  mechanism causing a c o n t a c t  
a r m  and po in te r  t o  move ac ross  a commutator. The commutator, c o n s i s t i n g  
of i n s u l a t i n g  ( temperature)  and conducting (humidity) segments, becomes 
a switching arrangement which sends t h e  inpu t  t o  the  modulated s e l f -  
blocking o s c i l l a t o r  i n  t h e  t r a n s m i t t e r  t o  be changed i n  accordance wi th  
the  atmospheric f a c t o r s  of temperature and humidity. 

The c a r r i e r  frequency of t h e  t r a n s m i t t e r  i s  modulated by t h e  s e l f -  
blocking o s c i l l a t o r  a t  an audio-frequency r a t e .  The audio-frequency is 
a func t ion  of temperature,  humidity,  and r e fe rence  s i g n a l  (or p re s su re  
i n d i c a t o r ) .  

The t r ansmi t t ed  s i g n a l s  a re  rece ived ,  recorded,  and evaluated i n  
accordance w i t h  i n s t r u c t i o n s  g iven  i n  Federal  Meteorological  Handbook 
No. 3, "Radiosonde Observation." 

Balloon, meteoro logica l ,  radar r e f l e c t i v e ,  ML-632/UM is  a two-meter 
diameter sphe re  wi th  398 con ica l  roughness elements formed i n t o  1 / 2  m i l  
metal ized mylar used as the  f a b r i c a t i o n  m a t e r i a l .  The sphere  i s  con- 
s t r u c t e d  of twelve gores  and two end caps. S ix  go res ,  spaced a l t e r n a t e l y ,  
have 32 p r o j e c t i o n s  each and 34 pro jec t ions  a re  loca ted  i n  each of t h e  
remaining s i x  gores .  One p r o j e c t i o n  is  loca ted  i n  each of t h e  end caps. 
The p r o j e c t i o n s  a r e  f u l l  cones,  7.62 cent imeters  (3 inches)  high,  
7.62 cen t ime te r s  (3 inches)  i n  diameter  a t  the  base,  and spaced 18.95 
cent imeters  (7.5 inches)  apart .  
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The ML-632/UM Balloon, popular ly  designated "Jimsphere," has a 
l i gh twe igh t  p l a s t i c  i n f l a t i o n  va lve ,  one-half  inch i n  diameter ,  and 
approximately one inch long. The i n f l a t i o n  va lve  has a nylon d i f f u s e r  
bag and a snap-on or 'screw c l o s u r e  cap. Two l igh tweight  p l a s t i c  p res -  
s u r e  r e l i e f  va lves ,  sp r ing  loaded t o  provide 5 mb superpressure ,  a r e  
loca ted  one each near  t h e  po la r  caps. A nylon load pa tch  uqed t o  hold 
t h e  ba l loon  during i n f l a t i o n  is  loca ted  near  t h e  i n f l a t i o n  valve.  A 
100-gram b a l l a s t  weight  used f o r  s t a b i l i z a t i o n  purposes is loca ted  i n  
t h e  hold-down patch. 
is 407.9 grams. 

The average weight w i th  b a l l a s t  of the Jimsphere 

The Jimsphere is  used wi th  t h e  AN/FPS-16 h igh-prec is ion  radar t o  
o b t a i n  d e t a i l e d  p r o f i l e s  of winds and wind-shear d a t a  from t h e  launch 
s i t e  t o  an  a l t i t u d e  of 18 km. This information is used f o r  ope ra t iona l  
suppor t  space  v e h i c l e s ,  m i s s i l e s ,  and rocke t  launchings a t  t h e  n a t i o n a l  
ranges,  and t o  a i d  i n  t h e  design of space  v e h i c l e s ,  missi les ,  and rocke t  
sys  t e m s  . 

For t h i s  p a r t i c u l a r  experiment, t h e  ambient temperature and t h e  
temperature  of t h e  helium i n s i d e  the  ba l loon  were measured. The 
humidity sens ing  c i r c u i t r y  was modified t o  be i d e n t i c a l  t o  t h a t  of t h e  
temperature  sens ing  c i r c u i t .  Thus , an a d d i t i o n a l  thermis tor  w a s  added  
and used as t h e  second temperature element i n s i d e  the  Jimsphere. 

To compute a l t i t u d e  accu ra t e ly ,  t h e  r e l a t i v e  humidity va lve  is  
requi red .  A radiosonde w a s  re leased  s imultaneously wi th  t h e  t e s t  f l i g h t  
t o  supply r e l a t i v e  humidity necessary f o r  a l t i t u d e  computation. 
r e l a t i v e  humidity was  then taken from t h e  r o u t i n e  f l i g h t  and used i n  t h e  
computation of a l t i t u d e  f o r  t h e  experimental  f l i g h t .  

The 

The f l i g h t  data were then manually reduced according t o  Federa l  
Meteorological  Handbook No. 3, "Radiosonde Observation." 

S ix  f l i g h t s  were made during t h i s  experiment,  t h r e e  f l i g h t s  during 
t h e  d a y l i g h t  hours and t h e  remaining t h r e e  a t  n igh t .  The bal loons used 
i n  t h i s  t e s t  were t h e  Jimsphere,  ML-632/UM (Government Nomenclature). 
The weights var ied  from 400 grams t o  410 grams. I n f l a t e d  diameter  w a s  
two meters +_ 1 percent  (excluding roughness e lements) .  Each Jimsphere 
had a f r e e  l i f t  of 3700 grams. 

3 



111. DETAILED MODIFICATION 

A .  Modif ica t ion  of Radiosonde AN/AMT-4B 

The modi f ica t ions  necessary t o  make humidity c i r c u i t r y  of t h e  
radiosonde modulator MD- 210/A~T-4 i d e n t i c a l  t o  t h e  temperature c i r c u i t  
a r e  as fol lows:  Res i s to r  R-2 ,  normally connected i n  p a r a l l e l  w i th  the  
humidity element,  w a s  removed ( f i g u r e  1). A t  t h e  junc t ion  of R - 1  and 
R-2 t h e  b lue  wi re  w a s  removed and so ldered  t o  the  ground-side of r e l a y  
K-1 .  This s i m p l e  mod i f i ca t ion  al lows t h e  two temperature elements t o  
be commutated f o r  t h e  d u r a t i o n  of t h e  f l i g h t .  Normally, t h e  humidity 
sampling is  d iscont inued  a f t e r  105 of 150 con tac t s  on t h e  baroswitch.  
The only disadvantage of t h i s  mod i f i ca t ion  is t h a t  t h e  low re fe rence  
c o n t a c t s  a r e  no longer  a v a i l a b l e .  

Reference d r i f t  w a s  co r rec t ed  a s  ou t l ined  i n  Federal  Meteorological  
Handbook No. 3 ,  "Radiosonde Observation," under condi t ions  of loss of 
low re fe rence  con tac t s .  High r e f e r e n c e  con tac t s  were used t o  c o r r e c t  
f o r  frequency d r i f t .  

Because of t he  remote l o c a t i o n  of t he  a d d i t i o n a l  thermis tor  w i t h i n  
t h e  Jimsphere,  i t  w a s  necessary t o  rou te  wir ing  from t h e  radiosonde t o  
t h e  element. The wire  ( p l a s t i c  coated N o .  18 gauge) w a s  approximately 
9.14 meters (30 f e e t )  long and had a nominal r e s i s t a n c e  of 3 t o  4 ohms. 
This r e s  i s  tance  is  s m a l l  compared t o  40,000 ohms of t he  thermis t o r ,  
and w a s  considered t o  in t roduce  a n e g l i g i b l e  e r r o r  i n  the  temperature 
measurements. This r e s i s t a n c e  was c o n s t a n t ,  and w a s  t h e r e f o r e  compen- 
s a t e d  f o r  i n  t h e  b a s e l i n e  c a l i b r a t i o n .  

B. Balloon Temperature Element Support 

The support  f o r  t h e  temperature element ML-419 w a s  made o f  b a l s a  
wood, because of i t s  weight and s t r e n g t h  c h a r a c t e r i s t i c s .  The b a l s a  
wood used w a s  one meter (39.37 inches)  long wi th  a th ickness  of 0.635 
cent imeter  (0 .25 inch) (Figures  2 and 3 ) .  

* 

The piece of b a l s a  wood one meter (39.37 inches)  long w a s  glued t o  
t h e  J imsphere va lve  w a l l .  This arrangement supported t h e  thermis tor  
and connect ing wires,  and placed t h e  element near  t he  c e n t e r  of t he  
Jimsphere. Extreme care w a s  taken t o  prevent  punctur ing t h e  ba l loon  
during i n s e r t i o n  and t o  avoid breaking t h e  temperature  element. 

4 



I V .  INDEX TO DUAL TEMPERATURE FLIGHTS 

A.  T e s t  No. 1 

J 

Date: J u l y  15, 1970 

Time: 1423 CDT 

Comments: The temperature  remained w a r m e r  i n s i d e  t h e  Jimsphere through- 
o u t  t h e  f l i g h t .  The helium i n  t h e  Jimsphere a f t e r  launch remained approxi-  
mately 4°C higher  than t h e  ambient temperature t o  an  a l t i t u d e  of 3500 
meters .  From 3500 meters  t o  te rmina t ion  of t h e  f l i g h t ,  the  temperature 
i n s i d e  t h e  Jimsphere d id  no t  decrease a t  t h e  same lapse rate as t h e  
ambient because of t h e  r a d i a t i o n  e f f e c t s  being trapped i n s i d e  t h e  
Jimsphere causing a hea t  s i n k  wi th  a nT of 1 8 . 1 O C  a t  te rmina t ion  ( f i g -  
ure  4 ) .  

B. T e s t  No. 2 

Date: J u l y  16,  1970 

Time: 1226 CDT 

Comments: The temperature dur ing  t h i s  daytime f l i g h t  remained warmer 
i n s i d e  t h e  Jimsphere throughout t h e  f l i g h t .  The gas temperature  approached 
t h e  ambient temperature  around 2500 meters because of cloud cover ( see  
s u r f a c e  observa t ion ,  f i g u r e  10). Af te r  coming out  of t h e  clouds,  t h e  
temperature i n s i d e  t h e  Jimsphere increased wi th  he igh t  because of r a d i a -  
t i o n  e f f e c t s .  A t  t e rmina t ion ,  t h e  i n s i d e  temperature was 24.6"C higher  
than the  ambient o r  o u t s i d e  temperature ( f i g u r e  5 ) .  

C. T e s t  N o .  3 

Date: J u l y  16, 1970 

T i m e :  1404 CDT 

Comments: This f l i g h t  w a s  released approximately one and one h a l f  hours 
a f t e r  t e s t  N o .  2 and had t h e  same p r o f i l e  w i th  t h e  temperature i n s i d e  
t h e  Jimsphere and t h e  ambient temperature approaching t h e  same va lue  
( f i g u r e  6) .  The i n s i d e  temperature  w a s  24.4"C higher  than t h e  ambient a t  
te rmina t ion  (see s u r f a c e  observa t ion ,  f i g u r e  10). 
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D. T e s t  No.  4 

Date: J u l y  16,  1970 

Time: 2203 CDT 

Comments: The temperature i n s i d e  t h e  Jimsphere remained coo le r  than t h e  
ambient temperature  throughout t h e  f l i g h t .  The temperature d i f f e r e n c e s  
were almost always a cons t an t  amount except  a t  an  inve r s ion  l e v e l .  
Invers ions  s e t  i n  a t  approximately 2000 meters  and 2750 meters ,  b u t  t h e  
change i n  the  r e g u l a r  t a p e  r a t e  of t he  i n s i d e  temperature remained about 
t h e  same. The response of t h e  temperature i n s i d e  t h e  Jimsphere t o  t h e  
ambient temperature o u t s i d e  lagged behind by 250 meters .  The temperature 
i n s i d e  t h e  Jimsphere and t h e  ambient temperature  ou t s ide  approached t h e  
same va lue  around 9000 meters  ( f i g u r e  7). 

E. Tes t  No. 5 

Date: J u l y  1 6 ,  1970 

Time: 2333 CDT 

Comments: The temperature i n s i d e  the  Jimsphere remained coo le r  than t h e  
ambient temperature throughout t h e  f l i g h t .  This f l i g h t  w a s  r e l eased  one 
and one h a l f  hours a f t e r  t e s t  No. 4 and had about  t he  same p r o f i l e .  The 
inve r s ion  a t  approximately 2500 meters w a s  "washing ou t , "  b u t  t h e  one a t  
2750 meters remained ( f i g u r e  8) .  The temperature  i n s i d e  t h e  Jimsphere 
and t h e  ambient temperature o u t s i d e  approached t h e  s a m e  va lue ,  approxi-  
mately 9000 meters.  

F. Tes t  No. 6 

Date: J u l y  1 7 ,  1970 

Time :  0055 CDT 

Comments: The temperature  wi th in  t h e  Jimsphere remained coo le r  than t h e  
ambient t e m p e r a t u r e  throughout t h e  f l i g h t .  This f l i g h t  w a s  re leased  
approximately one hour a f t e r  t e s t  No .  5 ,  and had about  t he  same p r o f i l e  
as t e s t  N o .  4 and No.  5. An inve r s ion  a t  2700 meters remained, and 
another  developed around 1500 meters .  The temperature  i n s i d e  t h e  
Jimsphere and t h e  ambient temperature o u t s i d e  approached and crossed 
around 9000 meters  ( f i g u r e  9 ) .  
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V. CONCLUDING REMARKS 

Since only t h r e e  f l i g h t s  were made during d a y l i g h t  and t h r e e  a t  
n ight t ime,  t h e  fol lowing observa t ions  were made: 

During daytime t h e  fl temperature between t h e  i n s i d e  and t h e  ambient 
is about  4°C up t o  a n  a l t i t u d e  of 3500 meters, bu t  increased t o  approxi-  
mately 24°C a t  9500 meters ( f igu res  4-6 ) .  
i n s i d e  t h e  Jimsphere does n o t  change as r a p i d l y  as does t h e  a i r  tempera- 
t u r e  o u t s i d e  because t h e  Jimsphere a c t s  as a h e a t  s i n k .  

The temperature of t h e  gas 

During n ight t ime t h e  LXC temperature between t h e  i n s i d e  and t h e  
ambient remains a t  a cons t an t  d i f f e r e n c e  throughout t h e  f l i g h t .  The 
temperature of t h e  gas i n s i d e  t h e  Jimsphere remained coo le r  than t h e  
a i r  temperature  up t o  a n  a l t i t u d e  of approximately 9000 meters  where 
they became equal ( f igu res  7-9). Invers ions  recorded of t h e  a i r  (out- 
s i d e )  temperature a r e  r e f l e c t e d  on the  i n s i d e  temperature of t h e  
Jimsphere approximately 250 meters  la ter .  

From t h i s  experiment, i t  is concluded t h a t  t h e  temperature i n s i d e  
t h e  Jimsphere during daytime does not  decrease  near t he  a d i a b a t i c  l a p s e  
r a t e  as  t h e  Jimsphere rises through t h e  atmosphere, bu t  does during 
night t ime.  This experiment a l s o  i l l u s t r a t e s  t h a t ,  w i th  s imple modif ica- 
t i o n s  t o  e x i s t i n g  rawinsonde equipment, measurements can be made which 
a r e  of r e a l  va lue  i n  understanding t h e  physical  and dynamic c h a r a c t e r -  
i s  t i c s  of t h e  atmospheric parameters o r  measuring system. 
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FIGURE 2.  JIMSPHERE WITH TEMPERATURE ELENENT SUPPORT INSTALLED 
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